The antifungal activity of Myrrh (Commiphora molmol) essential oil was tested against three storage fungi, Aspergillus flavus, A. niger and Penicillium citrinum. Results showed inhibitory effect of the oil against tested fungi with the increasing concentrations. Minimum inhibitory concentration (MIC) using agar dilution method was 4% (v/v) for A. niger and A. flavus and above 4% (v/v) for P. citrinum. Concentration (0.5-2)% (v/v) of oil also affected the sporulation of these fungi causing reduction or complete inhibition of sporulation process. Effect of Myrrh essential oil was also noticeable on spores germination, concentration of 4% (v/v) of oil inhibited complete germination of A. niger spores whereas this concentration caused 90% inhibition of A. flavus spores. Activity of vapour of Myrrh essential oil was investigated using a Petri dish atmosphere. Results showed inhibitory effect of the vapour with the increasing volume of essential oil added. MIC of vapour was (100) μl or slightly higher for all fungi.
Introduction
Myrrh is the hardened sap that oozes from the stem of Commiphora molmol (Family Burseracea) a tree that is native to desert areas of northern Africa and the middle East, collected from natural cracks or man-made cuts in the tree bark (1, 2) . Myrrh had a number of uses throughout recorded history, valued as a fragrance as well as a medicinal agent by the early Egyptians and the ancient chines. Myrrh was well-known and used extensively during Bibilical times, it was used in foods and drinks as a flavoring agent, in perfumes and other cosmetics as a fragrance, in incense as a part of religious ceremonies and in embalming as a preservative (2) . Medicinally, Myrrh was taken orally to treat arthritis, digestive complaints, schistosomiasis and respiratory infection; it was also taken to treat leprosy and syphilis (3, 4) . Topically, Myrrh was also applied to bacterial and fungal skin infections (1, 5) . Since fungi are significant destroyers of foodstuffs during storage retarding their nutritive value and sometimes by producing mycotoxins, storage fungi are common controlled by synthetic chemicals which almost creat several side effects to human health (6, 7) . Therefore some alternative control had been applied recently including many plant extracts and essential oils obtained from various plant parts (8, 9, 10) to replace synthetic chemicals. The present work was dealing with the possibility of using Myrrh essential oil to control growth of some storage fungi including applicability of Myrrh essential oil as fumigants.
Materials and Methods -Organisms
Single isolates of Aspergillus flavus (afaltoxin producing isolate), A. niger and Pencillium citrinum were obtained from the culture collection of the Department of Biology, College of Education Ibn AlHaitham, Baghdad Univ. Cultures were maintained on potato Dextrose Agar medium (PDA).
-Essential oil
Myrrh was obtained from the local market as resin pieces. Extraction of Myrrh oil was done in our laboratory using a ''Quick-fit" essential oil distillation apparatus.
-Effect of Myrrh essential oil on growth of the tested fungi 1-Agar dilution method Agar dilution method was used to determine the antifungal activity of Myrrh essential oil (10) . A series of two fold dilution of oil ranged from 4% (v/v) to 0.25% (v/v) was prepared in PDA medium after autoclaving. A final concentration of 0.5% (v/v) tween-80 was incorporated into the agar medium to enhance oil solubility. Plates inoculated with (2) μl spot containing approximately 10 4 spore/ml in the center of the plate. PDA medium with 0.5% (v/v) tween-80 but no oil was used as a positive growth control. Inoculated plates were incubated at (25) ºC for (5) days.
Fungal colony diameters in control as well as in treatment sets were recorded and the results were expressed as percentage of mycelial inhibition. MIC was determined as the lowest concentration of oil inhibiting the visible growth on the agar plates.
2-Effect of Myrrh essential oil on spores germination
The method of (11) was used, spore suspension of A. flavus and A. niger was prepared from 1-2 weeks old slant cultures on PDA medium, harvested by covering the culture with sterile distilled water and brushing gently with an inoculation loop. The spore suspension was filtered through (4) layers of sterile muslin to remove hyphae. The spore suspension was collected and counted in a haemocytometer, adjusted to 2x10 5 spore/ml. Germination experiment was performed using (5) ml of autoclaved PD broth medium in a vial, different concentrations of Myrrh essential oil was added. A final concentration of 0.5% (v/v) tween-80 was incorporated into the liquid medium to enhance oil solubility. Vials were inoculated with (0.5) ml of spore suspension and incubated at (25) ºC. Samples (loop full drop) were taken from the vials and examined microscopically after (18) hr. of inoculation to asses spore germination. Spores were recorded as having germinated when an emerging germ tube was perceptible. Germination counts were calculated from observation of 50-100 spores.
3-Effect of vapour (volatile phase) of
Myrrh essential oil on tested fungi:-The technique used in this experiment was the microatmosphere method described by (12) . Pyrex glass Petri dishes were used with exactly the same shape (9 cm diameter, 1.5 cm high).
An exact volume of (22) ml of PDA medium was poured into each dish, leading to an identical internal atmosphere volume in all the dishes. Each dish was inoculated with (2) μl spot containing approximately 10 4 spore/ml in the center of the plate. The plates were left for about 5-10 min until the water of the inoculum was absorbed within the medium. The Petri dishes were turned upside down and a 2-cm diameter filter paper disc was put in the middle of the cover and soaked with variable amount of essential oil ranged from (25-150) μl. Control Petri dishes were prepared under the same condition except soaking the filter paper with (50) μl ethanol, the Petri dishes were incubated in reversed position for (5) days at (25) ºC. Results were recorded as colony diameters at different concentrations of the oil. The minimal amount of oil able to completely inhibit the growth of fungi can be also determined under experimental conditions.
Results and Discussion
Myrrh essential oil using agar dilution method Fig.(1) was inhibitory to the growth of the tested fungi. Gradual inhibition of growth with the increasing concentration was obvious. MIC for A. niger and A. flavus was 4% (v/v) whereas for P. citrinum it was rather above 4% (v/v). In this respect this result is an accord with (10) in which the MIC of Myrrh against Candida albicans was > 2% (v/v) using agar dilution method. The effect of essential oil was also obvious on sporulation of the tested fungi especially with A. flavus, 0.5% (v/v) inhibited complete sporulation of the fungus leading to a very dense and compact mycelial growth Fig. (2) .
Effect of Myrrh essential oil on spore germination of A. flavus and A. niger was also noticeable Fig.(3) . Concentrations (0.25, 0.5, 1, 2, 4) reduced spore germination gradually for A. flavus reaching to 10% germination at 4% (v/v) oil, whereas at this concentration complete inhibition of A. niger spores germination was shown and concentration 2% gave 5% germination, which indicate higher sensitivity of A. niger over A. flavus. Since there has been very little recognized measure to express the antimicrobial activity by gaseous contact and because essential oils are highly volatile at room temperature. In this respect (13) reported that volatile oils may have an important role in preservation of foodstuffs against filamentous fungi, as well as the gaseous studied and analyzed by (17) , the result phase of various essential oils are used now a days as ethical medicine for colds (14, 15) and inhalation therapy of essential oils has been used to treat acute and chronic bronchitis and acute sinusitis. Additionally, cinnamon bark oil was reported to have antifungal activity against respiratory tract mycoses (16), therefore the vapour effect of Myrrh essential oil was introduced in this investigation to evaluate its activity against three storage fungi. The results of exposing tested fungi to various amounts of Myrrh essential vapour in a Petri dish atmosphere Fig. (4) showed inhibitory activity of the vapour with the increasing concentrations of the oil. Volume (100) μl inhibited the growth of A. niger completely whereas at this concentration A. flavus and P. citrinum showed almost similar degree of growth, which indicate that the MIC of the vapour of Myrrh essential oil against the previous two fungi was slightly higher than (100) μl.
The antifungal activity of Myrrh essential oil on tested fungi is attributed to its constituents. The essential oil of Myrrh was showed the content of 15 compound, the main constituents is furanoeudesma-1, 3-diene. In this respect also (5) extracted, purified and characterized 8 sesquiterpene fractions from Myrrh, they focused their attention on a mixture of furanodiene-6-one and methoxyfuranoguais-9-ene-8-one, which showed antibacterial and antifungal activity with MIC ranging from 0.18-2.8 μg/ml. Additionally, (18, 19) found that Myrrh essential oil contains terpenes (C10 compounds), sesquiterpenes (C15compounds), esters, cinnamaldehyde, cumin aldehyde and eugenol among other ingredients. The sesquiterpenes fraction contains furanosesquiterpenes (18) . Several of these components have been previously tested for biological activity and found to be active against numbers of bacteria and fungi (9, 13) .
In conclusion, despite the small number of storage fungi tested in this work, Myrrh has proven to be an effective in controlling growth of storage fungi and usefulness as fumgants. Further studies are needed to test the vapour activity on wider atmosphere. 
